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1
ELECTRICALLY DRIVEN VEHICLE

TECHNICAL FIELD

The present invention relates to electrically driven
vehicles, and more particularly, to an electrically driven

vehicle 1n which a generator unit that charges a battery usable
for running 1s detachably mounted.

BACKGROUND ART

Conventionally, there 1s known an electrically driven
vehicle equipped with a battery usable for running. Such an
clectrically driven vehicle has a limited cruising range that
depends on the amount of charge of the battery.

In this regard, Patent Document 1 discloses an electric
vehicle 1n which a first battery 1s mounted and a generator unit
or a second battery 1s detachably mounted. The electric
vehicle disclosed i Patent Document 1 1s configured to
mount the second battery when the electric vehicle 1s driven
around a charge station or home, and to mount the generator
unit when the electric vehicle 1s driven a long ways.

Patent Document 2 discloses an art that 1s considered as
being relative to the present invention regarding mounting of
a generator capable of charging a battery mounted in a
vehicle. Patent Documents 3 through 5 disclose arts that are
considered as being relative to the present invention in terms
of mounting of more than one battery.

PRIOR ART DOCUMENTS

Patent Documents

Patent Document 1: Japanese Patent Application Publica-
tion No. 10-117404

Patent Document 2: Japanese Patent Application Publica-
tion No. 2001-211504

Patent Document 3: Japanese Patent Application Publica-
tion No. 2005-237064

Patent Document 4: Japanese Patent Application Publica-
tion No. 11-191902

Patent Document 5: Japanese Patent Application Publica-
tion No. 11-69512

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

In the electric vehicle equipped with the battery for run-
ning, generally, the amount of charge of the battery may be
managed to output an alarm for urging the user to charge the
battery when the amount of charge of the battery reduces.

In this regard, in a case where a generator unit 1s detachably
mounted 1n the electrically driven vehicle, 1t 1s concervable to
charge the battery by using the generator unit rather than the
outputting of the alarm that urges the user to charge the
battery when the electrically driven vehicle has a reduced
amount of charge of the battery with the generator unit being
really mounted therein. That 1s, 1t 1s concervable that simailar
setting values are used for management of the amount of
charge of the battery in a case where the generator unit has
been mounted and 1n another case where the generator unit
has not been mounted.

However, the case where the generator unit has been
mounted does not always need to secure a certain amount of
charge of the battery that 1s estimated to be feasible for retreat
running or running up to a charge station.
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Further, 1n the case where the battery 1s charged by using
the generator unit, the operation start timing of the generator

unit may aifect the appropriate use of the battery. That 1s, 1
the operation of the generator unit 1s started relatively early
with respect to the remaining amount of charge of the battery,
the battery will not be efficiently utilized accordingly. In
contrast, if the operation of the generator unit 1s started rela-
tively late, the battery will be worked hard accordingly.

In this regard, the electric vehicle disclosed 1n Patent Docu-
ment 1 configured to detachably mount the generator unit
does not have a specific consideration about the management
of the amount of charge of the first battery between the case
where the generator unit has been mounted and the case
where the generator unit has not been mounted. Therefore, the
clectric vehicle disclosed in Patent Document 1 has a problem
because the first battery may not be always utilized appropri-
ately.

The present mvention was made in view of the above
problem and aims to provide an electrically driven vehicle
capable of ensuring proper use of a battery when a generator
unit 1s detachably mounted.

Means for Solving the Problem

The present invention for solving the above problem 1s an
electrically driven vehicle comprising: a vehicle body; a first
battery mounted in the vehicle body and usable for running; a
generator unit that 1s detachably mounted 1n the vehicle body
and charges the first battery; diagnosis means for diagnosing
whether the generator unit 1s capable of generating power;
and management means for managing an amount of charge of
the first battery according to a diagnostic result of the diag-
nosis means.

The present 1ivention 1s preferably configured so that a
lower usage limit 1s provided for the amount of charge of the
first battery; and when the diagnosis means determines that
the generator unit 1s capable of generating power, the man-
agement means changes, as a management of the amount of
charge of the first battery, the lower usage limit to a level
lower than that used when the generator unit 1s not capable of
generating power.

The present invention 1s preferably configured so that a
second battery usable for runming 1s detachably mounted 1n
the vehicle body; and the diagnosis means diagnoses whether
the second battery 1s usable, and when the diagnosis means
determines that the generator unit 1s capable of generating
power, the management means changes, as the management
of the amount of charge of the first battery, the lower usage
limit to a level lower than that used when the second battery
1s not usable.

The present mvention 1s preferably configured so that a
lower usage limit 1s provided for the amount of charge of the
first battery; and when the diagnosis means determines that
the generator unit 1s capable of generating power, the man-
agement means changes, as a management of the amount of
charge of the first battery, the lower usage limit to a level
higher than that used when the generator unit 1s not capable of
generating power.

The present mvention 1s preferably configured so that a
second battery usable for runming 1s detachably mounted 1n
the vehicle body; and the diagnosis means diagnoses whether
the second battery 1s usable, and when the diagnosis means
determines that the generator unit 1s capable of generating
power, the management means changes, as the management
of the amount of charge of the first battery, the lower usage
limait to a level higher than that used when the second battery
1s not usable.
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The present invention 1s preferably configured so that the
diagnosis means diagnoses a generating feasible power
amount of the generator umt 1n a process ol diagnosing
whether the generator unit 1s capable of generating power;
and the management means further amend the management
of the amount of charge of the first battery according to the
generating feasible power amount.

Eftects of the Invention

According to the present invention, 1t 1s possible to ensure
proper use of the battery when the generator unit 1s detachably
mounted.

BRIEF DESCRIPTION OF DRAWINGS

FI1G. 1 1s a diagram of a schematic structure of an electri-
cally driven vehicle in accordance with a first embodiment;

FIG. 2 1s a diagram of a generator unit in accordance with
the first embodiment;

FI1G. 3 1s a flowchart of an operation of a vehicle-side ECU
(Electric Control Unit) 1in accordance with Embodiment 1;

FIG. 4 15 a diagram of a schematic structure of an electri-
cally driven vehicle 1n accordance with a second embodi-
ment;

FI1G. 5 1s a flowchart of an operation of a vehicle-side ECU
in accordance with Embodiment 2; and

FI1G. 6 1s a flowchart of an operation of a vehicle-side ECU
in accordance with Embodiment 3.

MODE FOR CARRYING OUT THE INVENTION

Now, a description 1s given of modes for carrying out the
invention in conjunction with the drawings.

As 1llustrated in FIG. 1, an electrically driven vehicle 1A
has a vehicle body 10 1n which a generator unit 11, a battery
12, and an electric motor 13 are mounted. The electrically
driven vehicle 1A 1s configured so that the generator unit 11 1s
detachably mounted. The electrically driven vehicle 1A
capable of detachably installing the generator unit 11 can be
operated 1n a state 1n which the generator unit 11 1s not
mounted and 1s electrically disconnected.

The generator unit 11 1s an engine driven type ol generator
unit, and 1s equipped, as illustrated 1n FIG. 2, with an engine
111, a generator 112, a generator-unit-side ECU 113, and a
generator-unit-side fuel tank 114. The engine 111 drives the
generator 112, which generates alternating current. Then, the
alternating current thus generated 1s converted to direct cur-
rent by a not-illustrated rectifying circuit before being
charged in the battery 12. The generator-unit-side ECU 113 1s
provided for primarily controlling the engine 111.

As 1llustrated 1n FIG. 1, the battery 12 1s a direct current
battery, and 1s electrically and detachably connected to the
generator umt 11 via high-voltage system wires that are
power-system wires. Energy generated by the generator unit
11 1s stored 1n the battery 12 via the high-voltage system
wires. The battery 12 may be configured to have multiple
batteries having a rated DC voltage of 12 V connected in
series, for example. The electric motor 13 1s a source for
running, and 1s a DC motor. The electric motor 13 1s supplied
with energy from the battery 12, and rotates an output shait
14. Then, the rotary output 1s transmitted, via a transmission
15, to a pair of right and left rear wheels 2, which are driving
wheels, so that the rear wheels 2 can be driven. As described
above, the electrically driven vehicle 1A 1s a series hybrnid
type of electrically driven vehicle.
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The electrically driven vehicle 1A 1s equipped, 1n addition
to the pair of right and left rear wheels 2 of the driving wheels,
with a pair of right and left front wheels 3 that are steering
wheels, ahandle 4 for manually steering the front wheels 3, an
acceleration pedal 5 for changing the number of revolutions
of the electric motor 13, a brake pedal 6 and a brake unmit 7 for
braking the vehicle, and drum brakes 8 coupled with the brake
pedal 6 by wires, joined to the brake unit 7 and provided to the
front wheels 3 and the rear wheels 2. The acceleration pedal 5
1s provided with an acceleration position sensor 26 that senses
the amount of depression of the acceleration pedal 5, and the
brake pedal 6 1s provided with a brake switch 62 that senses
whether the brake pedal 6 1s depressed or not.

The electrically driven vehicle 1A 1s further provided with
a key switch 21, and a generation switch 22. The key switch
21 and the generation switch 22 are switches that enable
selective switching operation between ON and OFF. The key
switch 21 1s operation means for making an operation request
to the electric motor 13. Specifically, when the key switch 21
1s ON, the operation request to the electric motor 13 1s made.
When the key switch 21 1s OFF, the operation request to the
clectric motor 13 1s not made. The generation switch 22 1s
operation means for making a request to the generatorunit 11.
Specifically, when the generation switch 22 1s ON, the opera-
tion request to the generator unit 11 1s made. When the gen-
cration switch 22 1s OFF, the operation request to the genera-
tor unit 11 1s not made. The key switch 21 and the generation
switch 22 are provided on a not-1llustrated instrument panel.
As 1llustrated 1n FIG. 1, the electrically driven vehicle 1A 1s
equipped with a vehicle-side ECU 50A, which 1s a first con-
trol unit. The vehicle-side ECU 50 A 1s equipped with a micro-
computer composed of a CPU, a ROM, a RAM and so on, and
an mput/output circuit, which are not i1llustrated. The genera-
tor-unit-sitde FCU 113, which 1s a second control unit, 1s
configured similarly. The generator unit 11 (more specifi-
cally, the generator-umt-side ECU 113) 1s electrically and
detachably connected to the vehicle-side ECU S0A. In this
regard, the vehicle-side ECU 50A and the generator unit 11
are connected together via low-voltage system wires, which
are control-system wires.

Various objects to be controlled such as the electric motor
13 are electrically connected to the vehicle-side ECU S0A,
and further, various sensors and switches such as the key
switch 21, the acceleration position sensor 61, the brake
switch 62, and a first mount sensor 63 that 1s a state sensing
means capable of detecting whether the generator unit 11 1s
mounted or not are electrically connected thereto.

A first battery 12 1s electrically connected to the vehicle-
side ECU 50A 1n order to detect the amount of charge of the
battery. The electrically driven vehicle 1A has a lower usage
limit to the amount of charge of the first battery 12.

The ROM 1s configured to store a program in which various
processes executed by the CPU are described and to store map
data. The CPU executes the processes on the basis of the
program stored in the ROM while using a temporary memory
area ensured 1n the RAM as necessary, so that various control
means, determination means, detection means and calcula-
tion means can be functionally realized 1n the ECU S0A on
the vehicle side and the ECU 113 on the generator unit side.

The vehicle-side ECU S0A functionally realizes diagnosis
means for diagnosing whether the generator unit 11 can gen-
erate power.

In the step of diagnosing whether the generator unit 11 can
generate power, the diagnosis means 1s realized to diagnose
the generating feasible state of the generator unit 11.
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Specifically, the diagnosis means may be realized to diag-
nose the generating feasible state of the generator unit 11 by
determining whether the generator unit 11 has been mounted.

The diagnosis means may be realized to diagnose the gen-
crating feasible state of the generator unit 11 by determining
whether a not-1llustrated interlock device provided for detect-
ing whether the mounted state of the generator unit 11 has a
regular state (for example, a fixing confirmation device of the
generator unit 11, or a lock confirmation device of a door for
a storage space for the generator unit 11), or determining
whether the electrically connected state of the generator unit
11 has any abnormality, or by determining whether the
mechanically connected state of the generator unit 11 has any
abnormality, or determining whether the generator unit 11 has
any abnormality such as failure, or a combination of the above
determinations.

Specifically, the diagnosis means is realized to diagnose
the generating feasible state of the generator unit 11 by using,
a combination of determinations.

More specifically, the diagnosis means 1s realized to deter-
mine that the generator unit 11 1s capable of generating power
when the diagnostic results show that the generator unit 11
has been mounted and the interlock device detects the regular
state and that the amount of fuel for the generator unit 11 1s
equal to or larger than a predetermined level and the electric
and mechanical connections of the generator unit 11 have no
abnormality, and show that the generator unit 11 has no
abnormality.

In the step of diagnosing the generation feasible state of the
generator unit 11, the diagnosis means may be realized to
include, as a basic determination, at least the step of deter-
mimng whether the generator unit 11 has been mounted.
However, the diagnosis 1s not limited to the above, but may
include, as a basic determination, the step of determining
whether the electric and mechanical connections of the gen-
erator unit 11 have any abnormality, whereby the determina-
tion as to whether the generator unit 11 has been mounted
may be made indirectly.

The vehicle-side ECU 50A functionally realizes manage-
ment means for performing a management of the amount of
charge of the first battery 12 according to the diagnostic
results of the diagnosis means, for example.

Specifically, the management means 1s realized to change
the lower usage limit as a management of the amount of
charge of the first battery 12 when the diagnosis means deter-
mines that the generator unit 11 1s capable of generating
power. Specifically, the predetermined lower usage limit
(hereinafiter, referred to as preset lower usage limait) 1s defined
for a case where the generator umt 11 1s not capable of
generating power. More specifically, the preset lower usage
limit 1s the amount of charge stored in the battery that is
estimated to be feasible for retreat running or runmng up to a
charge station.

In the process of changing the lower usage limit, specifi-
cally, the management means may be realized to set the lower
usage limit to a level lower than that for the case where the
generator unit 11 1s not capable of generating power. Also, the
management means may be realized to set the lower usage
limait to a level higher than that for the case where the genera-
tor umt 11 1s not capable of generating power.

The vehicle-side ECU 3S0A functionally realizes alarm
control means that outputs an alarm when the amount of
charge of the first battery 12 becomes lower than the lower
usage limit. Specifically, the alarm control means 1s realized
to output the alarm that notifies the user that the amount of
charge of the first battery 12 becomes lower than the lower
usage limit when the generator unit 11 1s not capable of
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6

generating power and the amount of charge of the first battery
12 becomes lower than the lower usage limit. Specifically, the
lower usage limit 1n this case 1s the preset lower usage limat.

The vehicle-side ECU 50A functionally realizes output
control means for outputting an operation request to the gen-
crator unit 11 when the generator unit 11 1s capable of gen-
crating power and the amount of charge of the battery
becomes lower than the lower use limit. In this case, the lower
usage limit 1s a changed lower usage limut.

A description 1s now given of an operation of the vehicle-
side ECU 50A 1n conjunction with a flowchart of FIG. 3. The
vehicle-side ECU S0A diagnoses the generating feasible state
ol the generator unit 11 (step S1), and determines whether the
generator umt 11 1s capable of generating power (step S2).
When a negative determination 1s made, the vehicle-side
ECU S0A determines whether the generator unit 11 has not
been mounted (step S4). When a positive determination 1s
made, the tlow process 1s ended. In this case, an alarm that
indicates an abnormality of the generator unit 11 may be
output. In contrast, a negative determination 1s made 1n step
S4, the vehicle-side ECU 50A determines whether the
amount of charge of the battery becomes the lower usage limait
(step S21). When a negative determination 1s made, step S21
1s repeatedly performed until a positive determination 1s
made. When a positive determination 1s made 1n step S21, the
vehicle-side ECU 50A outputs an alarm showing that the
amount of charge of the battery becomes lower than the lower
usage limit (step S22).

In contrast, when a positive determination 1s made 1n step
S2, the vehicle-side ECU 50A changes the lower usage limit
(step S3). Subsequently, the vehicle-side ECU 50A deter-
mines whether the amount of charge of the battery becomes
lower than the changed lower usage limait (step S11A). When
a negative decision 1s made, step S11A 1s repeatedly per-
formed until a positive determination 1s made. In contrast,
when a positive determination 1s made 1n step S11A, the
vehicle-side ECU 50A outputs the operation request to the
generator unit 11 (step S12). Thus, the generator unit 11 start
generating power.

A description 1s now given of functions and effects of the
clectrically driven vehicle 1A. The electrically driven vehicle
1A diagnoses whether the generator unit 11 1s capable of
generating power, and performs the management of the
amount of charge of the first battery 12 according to the
diagnostic results.

When 1t 1s determined that the generator unit 11 1s capable
of generating power, the electrically driven vehicle 1A 1s
capable of changing the lower usage limit to a level lower than
that used when the generator unit 11 1s not capable of gener-
ating power. In this case, the electrically driven vehicle 1A
utilizes the first battery 12 until the amount of charge of the
battery becomes lower than the lower usage limit that has
been changed to the lower level. Therefore, the operation start
timing of the generator unit 11 can be delayed, as compared
with the case where the lower usage limit 1s the preset lower
usage limit. Thus, the first battery 12 can be used more effi-
ciently. Since the first battery 12 can be used more etficiently,
the vehicle cruising range can be increased substantially.

When 1t 1s determined that the generator unit 11 1s capable
ol generating power, the electrically driven vehicle 1A may
change the lower usage limit to a level higher than that used
when the generator unit 11 1s not capable of generating power.
In this case, the first battery 12 is utilized until the amount of
charge of the battery becomes lower than the lower usage
limait that has been changed to the higher level. Therefore, the
operation start timing of the generator unit 11 can be made
carlier, as compared with the case where the lower usage limait
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1s the preset lower usage limit. Therefore, 1n this case, the
usage of the first battery 12 1s further restricted. Since the

usage of the first battery 12 is further restricted, hard working,
of the first battery 12 can be suppressed and the deterioration
of the life of the first battery 12 can be suppressed.

Thus, the electrically driven vehicle 1 A 1s capable of ensur-
ing the appropriate use of the first battery 12 when the gen-
erator unit 11 1s detachably mounted.

The electrically driven vehicle 1A diagnoses the generat-
ing feasible state of the generator unit 11 by making a deter-
mination based on the combination of multiple determina-
tions. It 1s thus possible to appropriately prevent the lower
usage limit from being changed although the generator unit
11 1s not really capable of generating power, as compared
with the case where only the determination as to whether the
generator unit 11 has been mounted 1s made.

Since the electrically driven vehicle 1A 1s capable of pre-
venting the lower usage limit from being changed mmappro-
priately, the first battery 12 can be used appropriately.

The lower usage limit after it 1s changed may be predeter-
mined according to a required performance of the electrically
driven vehicle 1A, which may give priority to the cruising
range of the vehicle or the life of the first battery 12 or may
optimize the balance between these 1tems.

The lower usage limit after it 1s changed may be deter-
mined by providing recording means for recording the usage
history of the vehicle and referring to the usage history of the
vehicle recorded by recording means. This case 1s preferable
because more appropriate effects based on the usage tendency
of the vehicle are obtained. In this case, the initial value of the
lower usage limited after 1t 1s changed may be predetermined
according to the required performance of the electrically
driven vehicle 1A, or may be predetermined to the preset
lower usage limit taking into consideration the fact that the
usage history 1s not present nitially.

The lower usage limit after it 1s changed may be deter-
mined by providing operation means capable of adjusting or
stepwisely selecting the lower usage limit after it 1s changed
and referring to an operation applied to the operation means.
This case1s preferable because effects that the user wishes are
obtained.

Embodiment 2

As illustrated 1n FI1G. 4, an electrically driven vehicle 1B 1n
accordance with the present embodiment 1s substantially the
same as the electrically driven vehicle 1 A except that a second
battery 30 usable for running is further mounted in the vehicle
body 10 detachably, and a second mount sensor 64 1s further
provided and that a vehicle-side ECU 50B 1s substituted for
the vehicle-side ECU 50A.

The second battery 30 1s configured to be mounted so as to
be mterchangeable with the generator unit 11. Thus, specifi-
cally, the second battery 30 1s detachably mounted 1n the same
position in the vehicle body 10 as that of the generator unit 11.

The second mount sensor 64 1s provided in the vehicle
body 10 as state sensing means capable of detecting the
mounting/not-mounting of the second battery 30 by sensing
the mounted state of the second battery 30. The first mount
sensor 63 1s provided so as not to detect the mounting/not-
mounting of the second battery 30, and the second mount
sensor 64 1s provided so as not to detect the mounting/not-
mounting of the generator unit 11.

The vehicle-side ECU 30B 1s substantially the same as the
vehicle-side ECU S0A except that diagnosis means and man-
agement means are realized as described below, and power
supply switch means 1s functionally realized further and that
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the second battery 30 1s electrically connected for the purpose
of detecting the amount of charge of the battery and the
second mount sensor 64 1s electrically connected further.

The vehicle-side ECU S0B 1s realized so that the diagnosis
means diagnoses whether the second battery 30 1s usable.

In the process of diagnosing whether the second battery 30
1s usable, the diagnosis means 1s realized to diagnose the
usable state of the second battery 30.

In this regard, the diagnosis means may be realized to
diagnose the usable state of the second battery 30 by deter-
mining whether the second battery 30 has been mounted.

The diagnosis means may be realized to diagnose the state
of power generation of the generator unit 11 by determining
whether a not-1llustrated mterlock device provided for detect-
ing whether the mounted state of the generator unit 11 has a
regular state (for example, a fixing confirmation device of the
second battery 30, or a lock confirmation device of a door for
a storage space for the second battery 30), or determining
whether the amount of charge of the second battery 30 1s
suificient (equal to or larger than a predetermined volume), or
determining whether the electrically connected state of the
second battery 30 has any abnormality, or by determining
whether the mechanically connected state of the second bat-
tery 30 has any abnormality, or determining whether the
second battery 30 has any abnormality such as failure, or a
combination of the above determinations.

Specifically, the diagnosis means 1s realized to diagnose
the usable state of the second battery 30 by using a combina-
tion of determinations.

More specifically, the diagnosis means 1s realized to deter-
mine that the second battery 30 1s usable when the diagnostic
results show that the second battery 30 has been mounted and
the interlock device detects the regular state and that the
amount of charge of the second battery 30 1s equal to or larger
than the predetermined level and the electric connection of
the second battery 30 has no abnormality, and show that the
second battery 30 1s usable.

In the process of diagnosing the generating feasible state of
the second battery 30, the diagnosis means may be realized to
include, as a basic determination, at least the step of deter-
mining whether the second battery 30 has been mounted.
However, the diagnosis 1s not limited to the above, but may
include, as a basic determination, the step of determining
whether the electric connection of the second battery 30 has
any abnormality, whereby the determination as to whether the
second battery 30 has been mounted may be made indirectly.

The vehicle-side ECU 50B functionally realizes manage-
ment means for performing a management of the amount of
charge of the first battery 12 according to the diagnostic
results of the second battery 30.

Specifically, the management means 1s realized to change
the lower usage limit as a management of the amount of
charge of the first battery 12 when the diagnosis means deter-
mines that the second battery 30 1s usable. In the electrically
driven vehicle 1B, the present lower usage limit 1s the lower
usage limit defined when the generator unit 11 1s not capable
of generating power and the second battery 30 1s not usable.

In the process of changing the lower usage limait, specifi-
cally, the management means may be realized to set the lower
usage limit to a level lower than that for the case where the
second battery 30 1s not usable. Also, the management means
may be realized to set the lower usage limit to a level higher
than that for the case where the second battery 30 1s not
usable.

The power supply switch means 1s realized to perform a
control of switching the power supply from the first battery 12
to the second battery 30 when the second battery 30 1s usable
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and the amount of charge of the first battery 12 becomes lower
than the lower usable limit. In this case, the lower usable limait
1s that after 1t 1s changed.

A description 1s now given of an operation of the vehicle-
side ECU 50B 1n conjunction with a flowchart of FIG. 5. The
present flowchart is the same as that of FIG. 3 except that steps
S5 through S8 and steps S31 and 32 are added. Therefore,
these steps are specifically described. Subsequent to a posi-
tive determination in step S4, the vehicle-side ECU 50B
diagnoses the usable state of the second battery 30 (step S5),
and determines whether the second battery 30 1s usable or not
(step S6). When a negative determination 1s made 1n step S6,
the vehicle-side ECU 50B determines whether the second
battery 30 1s not mounted (step S8). When a positive deter-
mination 1s made, the flow process 1s ended. In this case, an
alarm that notifies the user of an abnormality of the second
battery 30 may be output. In contrast, when a negative deter-
mination 1s made 1n step S8, the process proceeds to step S21.

In contrast, when a positive determination 1s made in step
S6, the vehicle-side ECU 50B changes the lower usage limit
(step S7). Subsequently, the vehicle-side ECU 350B deter-
mines whether the amount of charge of the first battery 12
becomes lower than the lower usage limit (step S31). When a
negative determination 1s made, step S31 i1s repeatedly per-
formed until a position determination 1s made. In contrast,
when a positive determination 1s made i step S31, the
vehicle-side ECU 50B switches the power supply from the
first battery 12 to the second battery 30 (step S32).

A description 1s now given of functions and eflects of the
clectrically driven vehicle 1B. The electrically driven vehicle
1B 1s configured to detachably mount the second battery 30
usable for running 1n addition to the generator unit 11. Thus,
the electrically driven vehicle 1B 1s capable of improving the
convenience because a shortage of charge of the first battery
12 may be compensated for by not only the generator unit 11
but also the second battery 30.

In addition to the generator unit 11, the electrically driven
vehicle 1B 1s configured to detachably mount the second
battery 30 so as to be mterchangeable with the generator unit
11. Thus, the second battery 30 can be detachably mounted 1n
the vehicle body 10 without a great change of the vehicle
body, whereby the electrically driven vehicle 1B has a cost
advantage.

In the electrically driven vehicle 1B configured to detach-
ably mount the second battery 30 1n addition to the generator
unit 11, 1 order to ensure the appropriate use of the first
battery 12, the usable state of the second battery 30 1s diag-
nosed and the amount of charge of the first battery 12 1s
managed.

When 1t 1s determined that the second battery 30 1s usable,
the lower usable limit can be changed to a level lower than that
used when the second battery 30 1s not usable. In this case, the
usage start timing of the second battery 30 can be delayed, as
compared with the case where the usage lower limit 1s the
preset lower usage limit. Thus, the first battery 12 1s used
more efficiently, and the vehicle cruising range can be
increased substantially.

When 1t 1s determined that the second battery 30 1s usable,
the lower usable limit can be changed to a higher lower than
that used when the second battery 30 1s not usable. In this
case, the operation start timing of the generator unit 11 can be
made earlier. Thus, the usage of the first battery 12 can be
restricted more strongly, so that the hard working of the first
battery 12 can be suppressed and the deterioration of the life
of the first battery 12 can be suppressed.

Thus, the electrically driven vehicle 1B 1s capable of ensur-
ing the appropriate use of the first battery 12 although the
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second battery 1s detachably mounted further, as compared
with the electrically driven vehicle 1A.

The electrically driven vehicle 1B diagnoses the usable
state of the second battery 30 by the combination of multiple
determinations. Thus, 1t 1s thus possible to appropriately pre-
vent the lower usage limit from being changed although the
second battery 30 is not really usable, as compared with the
case where only the determination as to whether the second
battery 30 has been mounted 1s made, for example.

Since the electrically driven vehicle 1B 1s capable of pre-
venting the lower usage limit from being changed inappro-
priately, the first battery 12 can be used appropriately.

In the electrically driven vehicle 1B, the lower usage limit
alter1t1s changed may be set 1n a manner similar to that for the
clectrically driven vehicle 1A.

Embodiment 3

An electrically driven vehicle 1C 1n accordance with the
present embodiment 1s substantially the same as the electri-
cally driven vehicle 1A except that a vehicle-side ECU 50C 1s
substituted for the vehicle-side ECU 50A. The vehicle-side
ECU 350C 1s substantially the same as the vehicle-side ECU
50A except that diagnosis means and management means are
realized as described below. Therefore, an illustration of the
clectrically driven vehicle 1C 1s omitted. A similar change
may be applied to the electrically driven vehicle 1B previ-
ously described 1n Embodiment 2.

The vehicle-side ECU 50C 1s realized to further diagnose
the generating feasible power amount of the generator unit
11.

Specifically, the diagnosis means may be realized to diag-
nose the generating feasible power amount of the generator
unit 11 on the basis of the remaining amount of fuel of the
generator unit 11, the type of fuel, or operation conditions of
the generator unit 11 such as conditions with the rated power
or conditions with the maximum power.

The diagnosis means 1s realized to diagnose the generating,
teasible power amount of the generator unit 11 when diag-
nosing that the generator unit 11 1s capable of generating
POWEL.

In the vehicle-side ECU 50C, when the diagnosis means
determines that the generator unit 11 can generate power and
diagnoses the generating feasible power amount, the manage-
ment means 1s realized o further amend the management of
the amount of charge of the first battery 12 according to the
generating feasible power amount.

Specifically, the management means 1s realized to amend
the management of the amount of charge of the first battery 12
by amending the lower usage limit according to the generat-
ing feasible power amount. In this case, specifically, the lower
usage limait 1s that after 1t 1s changed.

In the change of the lower usage limit, the management
means may be realized to amend the lower usage limit 1n such
a manner that the lower usage limit becomes smaller as the
generating feasible power amount becomes large. The man-
agement mans may berealized to amend the lower usage limat
in such a manner that the lower usage limit becomes larger as
the generating feasible power amount becomes large.

An operation of the electrically driven vehicle 1C 1s
described in conjunction with a flowchart of FIG. 6. The
present flowchart 1s the same as the flowchart of F1G. 3 except
that steps S9 and S10 are added, and step S11B 1s substituted
for step S11A. Therefore, these steps are specifically
described here. Subsequent to step S3, the vehicle-side ECU
50C diagnoses the generating feasible power amount (step
S9), and amends the lower usage limit according to the gen-
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erating feasible power amount (step S10). Subsequently, the
vehicle-side ECU 50C determines whether the amount of
charge of battery becomes lower than the lower usage limait
after 1t 1s changed (step S11B). When a negative determina-
tion 1s made, step S11B 1s repeatedly performed until a posi-
tive determination 1s made. When a position determination 1s
made 1n step S11B, the flow control proceeds to step S12.

A description 1s now given of functions and eflects of the
clectrically driven vehicle 1C. The electrically driven vehicle
1C diagnoses the generating feasible power amount of the
generator unit 11 and amends the lower usage limit according
to the generating feasible power amount, as compared with
the electrically driven vehicle 1A.

In the electrically driven vehicle 1C, the lower usage limit
may be amended to become smaller as the generating feasible
power amount becomes larger. In this case, the usage start
timing of the second battery 30 may be delayed, as compared
with the case where the lower usage limit 1s that before it 1s
amended (that 1s, the lower usage limit after 1t 1s changed).
Thus, the vehicle cruising range can be substantially
increased as compared with the electrically driven vehicle 1A
because the first battery 12 can be used more elficiently.

In the electrically driven vehicle 1C, the lower usage limit
may be amended to become larger as the generating feasible
power amount becomes large. In this case, the usage start
timing of the generator unit 11 may be made earlier, as com-
pared with the case where the usage lower limit 1s that before
it 1s amended (that 1s, the usage lower limit after 1t 1s changed).
In this case, since the usage of the first battery 12 1s further
restricted, the hard work of the first battery 12 can be further
suppressed. As a result, the deterioration of the life of the first
battery 12 can be suppressed, as compared with the electri-
cally driven vehicle 1A.

Thus, the electrically driven vehicle 1C 1s capable of ensur-
ing the appropriate use of the first battery 12 because the first
battery 12 can be used appropriately according to the amount
of energy capable of really compensating for a shortage of
charge of the first battery 12, as compared with the electrically
driven vehicle 1A.

The above-described embodiments are exemplary pre-
terred embodiments of the invention. However, the present
invention 1s not limited to these embodiments but may be
carried out with various variations.

For example, in the above-described embodiments, the
amount of charge of the first battery 12 1s managed by chang-
ing the lower usage limat.

However, the present invention 1s not necessarily limited to
this, but the management means may manage the amount of
charge of the first battery by setting the upper charge limit on
the first battery and changing the upper charge limat.

In this case, by changing the upper charge limit to a rela-
tively lower level, the occasion for utilizing the generator unit
may be increased, so that the deterioration of the life of the
first battery can be suppressed. Further, by changing the upper
charge limait to a relatively higher level, the first battery can be
utilized more efficiently.

In the above-described Embodiment 3, the diagnosis
means diagnoses the generating feasible power amount and
amends the management of the amount of charge of the first
battery according to the generating feasible power amount.
However, the present invention i1s not necessarily limited to
this, but the diagnosis means further diagnoses the amount of
charge of the second battery and the management means may
amend the management of the amount of charge of the first
battery according to the amount of charge of the second
battery.

10

15

20

25

30

35

40

45

50

55

60

65

12

In this case, the management means may amend the lower
usage limit so as to be smaller as the amount of charge of the
second battery 1s larger, or may amend the lower usage limit
as the amount of charge of the second battery 1s larger.

In the above-described Embodiment 2, the second battery
30 1s detachably mounted 1n the vehicle body 10 so as to be
interchangeable with the generator unit 11.

However, the present invention 1s not limited to this, butthe
clectrically driven vehicle may be configured to detachably
mount both the generator umit and the second battery in par-
allel. The electrically driven vehicle may be configured to
detachably mount at least either more than one generator unit
or more than one second battery 1n parallel.

In this case, the diagnosis means may wholly diagnose
whether more than one generator unit 1s capable of generating
power or whether more than one second battery can be used.
The management means may manage the amount of charge of
the first battery according to the multiple diagnostic results.

In this case, power supply may be carried out by generating,
power by a certain generator unit out of among the generator
units when the amount of charge of the first battery becomes
lower than the lower usage limit. After that, when the genera-
tor unit fails to generate power any more (or when a certain
second battery among the second batteries 1s used and fails to
be used any more), power supply may be carried out by
sequentially another generator unit to generate power or uti-
lizing another second battery.

Thus, the first battery can be utilized appropnately, as
compared with the case where the amount of charge of the
first battery 1s managed by the diagnostic result of only one of
the generator units and the second batteries. In this case, the
lower usage limit 1s further amended according to the gener-
ating feasible power amount of each of the generator units and
the amount of charge of each of the second batteries, whereby
the first battery can be utilized more appropnately.

In the above-described embodiments, the various means
functionally realized by the vehicle-side ECUs S0A, S0B and
50C may be realized by hardware such as another electronic
control device or a dedicated electronic circuit, or a combi-
nation thereof.

DESCRIPTION OF REFERENCE NUMERALS

1A, 1B, 1C electrically driven vehicle
10 vehicle body

11 generator unit

111 engine

12 first battery

30 second battery

S50A, 50B, 50C vehicle-side ECU

The invention claimed 1s:

1. An electrically driven vehicle comprising:

a vehicle body;

a {irst battery mounted 1n the vehicle body and usable for
running;

a generator unit that 1s detachably mounted 1n the vehicle
body and charges the first battery;

a diagnosis part configured to diagnose whether the gen-
crator unit 1s capable of generating power; and

a management part configured to perform a management of
an amount of charge of the first battery according to a
diagnostic result of the diagnosis part, wherein

a lower usage limait 1s provided for the amount of charge of
the first battery,

the electrically driven vehicle further comprises:
an output control part configured to output an operation

request to the generator umit when the diagnosis part
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determines that the generator unit 1s capable of gen-
erating power and the amount of charge of the first
battery becomes lower than the lower usage limit, and

the management part changes the lower usage limit of the
first battery as the management of the amount of charge

of the first battery when the diagnosis part determines
that the generator unit 1s capable of generating power.

2. The electrically driven vehicle according to claim 1,
wherein:

when the diagnosis part determines that the generator unit
1s capable of generating power, the management part
changes, as the management of the amount of charge of
the first battery, the lower usage limit to a level lower
than that used when the generator unit 1s not capable of
generating power.

3. The electrically driven vehicle according to claim 2,
wherein:

a second battery usable for running 1s detachably mounted ,,

in the vehicle body; and

the diagnosis part diagnoses whether the second battery 1s
usable, and when the diagnosis part determines that the
second battery 1s usable, the management part changes,
as the management of the amount of charge of the first
battery, the lower usage limit to a level lower than that

used when the second battery 1s not usable.

10

15

25

14

4. The electrically driven vehicle according to claim 1,
wherein:
when the diagnosis part determines that the generator unit
1s capable of generating power, the management part
changes, as the management of the amount of charge of
the first battery, the lower usage limit to a level higher
than that used when the generator unit 1s not capable of
generating power.
5. The electrically driven vehicle according to claim 4,
wherein:
a second battery usable for running 1s detachably mounted
in the vehicle body; and
the diagnosis part diagnoses whether the second battery 1s
usable, and when the diagnosis part determines that the
second battery 1s usable, the management part changes,
as the management of the amount of charge of the first
battery, the lower usage limit to a level higher than that
used when the second battery 1s not usable.
6. The electrically driven vehicle according to claim 1,
wherein:
the diagnosis part diagnoses a generating feasible power
amount of the generator unit 1n a process of diagnosing,
whether the generator unit 1s capable of generating
power; and
the management part further amend the management of the
amount of charge of the first battery according to the
generating feasible power amount.
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